Tipple TE, Nelin LD. Arginase II is a target of miR-17-5p and regulates miR-17-5p expression in human pulmonary artery smooth muscle cells. Am J Physiol Lung Cell Mol Physiol 307: L197-L204, 2014. First published May 30, 2014 doi:10.1152/ajplung.00266.2013.-Vascular remodeling and smooth muscle cell proliferation are hallmark pathogenic features of pulmonary artery hypertension. MicroRNAs, endogenously expressed small noncoding RNAs, regulate gene expression at the posttranscriptional level. It has previously been shown that miR-17 overexpression in cultured human pulmonary artery smooth muscle cell (hPASMC) resulted in increased viable cell number. Previously, we have found that arginase II promotes hypoxiainduced proliferation in hPASMC. Therefore, we hypothesized that miR-17 would be upregulated by hypoxia in hPASMC and would result in greater arginase II expression. We found that levels of miR-17-5p and arginase II were significantly greater in cultured hPASMC exposed to 1% O 2 for 48 h than in hPASMC exposed to 21% O 2 for 48 h. Furthermore, inhibiting miR-17-5p expression decreased hypoxia-induced arginase II protein levels in hPASMC. Conversely, overexpressing miR-17-5p resulted in greater arginase II protein levels. Somewhat surprisingly, arginase II inhibition was associated with lower miR-17-5p expression in both normoxic and hypoxic hPASMC, whereas overexpressing arginase II resulted in greater miR-17-5p expression in hPASMC. These findings suggest that hypoxia-induced arginase II expression is not only regulated by miR-17-5p but also that there is a feedback loop between arginase II and miR-17-5p in hPASMC. We also found that the arginase IImediated regulation of miR-17-5p was independent of either p53 or c-myc. We also found that L-arginine, the substrate for arginase II, and L-ornithine, the amino acid product of arginase II, were not involved in the regulation of miR-17-5p expression. hypoxia; pulmonary hypertension; pulmonary vascular remodeling PULMONARY HYPERTENSION (PH) is a life-threatening complication of chronic hypoxic lung diseases. PH is characterized by vasoconstriction, thrombosis, and vascular remodeling, the pathogenic hallmarks of PH involving all layers of the vessel wall, particularly the smooth muscle layer (10, 12). The smooth muscle layer plays an integral role in the pathogenesis of PH with extension of smooth muscle into smaller, normally nonmuscular pulmonary arteries (10, 19) . In addition, pulmonary artery smooth muscle cells (PASMC) markedly proliferate, resulting in decreased luminal diameters and ultimately the obstruction of resistance-level pulmonary arteries (10, 23). This pathology can be triggered by seemingly disparate genetic and environmental stimuli.
MicroRNAs (miRs) are small noncoding RNAs that regulate gene expression at a posttranscriptional level (17) . Recent studies describe a fundamental role of miRs in development and diseases, including PH (5, 8, 22, 26) . Estimates from current data suggest that over 1,400 distinct miRs are predicted to be encoded by the human genome (7) . Of these, the miR-17ϳ92 cluster is one of the most well-characterized miR families that have been described to play a role in controlling cell development, apoptosis, and proliferation in a variety of cellular and disease contexts (18) . Indeed a series of recent papers have demonstrated essential roles for the miR-17ϳ92 cluster in the development of the heart, lung, immune system, and tumor formation (14, 25, 27) . This cluster located on human chromosome 13 encodes seven individual miRs: miR-17-5p, miR-17-3p, miR-18a, miR-19a, miR-20a, miR-19b, and miR-92a. These seven miRs are transcribed as one common primary transcript. Overexpression of miR-17ϳ92 was reported to induce downregulation of BMPR2 (2) , which has been repeatedly described as an important feature in the pathogenesis of PH. Recently, Pullamsetti et al. (24) found that inhibition of miR-17 in a mouse model of PH reduced right ventricular hypertrophy and decreased vascular remodeling, whereas overexpression of miR-17 in cultured human (h) PASMC resulted in increased proliferation.
Arginase, of which there are two described isoforms, arginase I and arginase II, has been shown to be important in the proliferation of a variety of cell types (13) . Arginase I is a cytosolic enzyme highly expressed in the liver, whereas arginase II is an extrahepatic mitochondrial protein (6) . Both arginase isoforms are expressed in the lung (20) . Arginase II has been shown to have variety of functions, including promoting cell proliferation (4) and modulating NO production (15) . Furthermore, arginase II inhibition also was found to improve coronary microvascular function and reduce ischemic infarct size in rats likely by its effect on NO production (9) . We have previously shown that hypoxia induces arginase II expression in hPASMC and that the hypoxia-induced arginase II was necessary for hypoxia-induced proliferation in hPASMCs (4). However, little is known concerning the cellular mechanisms leading to hypoxia-induced arginase II expression in hPASMC.
Because both arginase II and miR-17-5p play important roles in proliferation of hPASMCs, we hypothesized that miR-17-5p would regulate hypoxia-induced arginase II expression in hPASMC. We used cultured hPASMC to study the effects of hypoxia on miR-17-5p expression. We also used antagomirs and overexpression of miR-17-5p to examine the role of miR-17-5p in regulating hypoxia-induced arginase II expression and viable cell numbers.
MATERIALS AND METHODS
Cell culture. hPASMC (Lonza) were cultured as previously described (4). Briefly, hPASMC were grown in 21% O 2-5% CO2-balance N2 at 37°C in smooth muscle growth media (SmGM; Lonza), which includes smooth muscle basal medium (Lonza), 5% FBS, 0.5 Fig. 1 . miR-17-5p and arginase II levels are increased by hypoxia. A: hypoxia increased miR-17-5p expression in human pulmonary artery smooth muscle cells (hPASMC). hPASMC were exposed to normoxia or hypoxia for 48 h (n ϭ 3 for each group). miR-17-5p levels were analyzed by quantitative real-time PCR and normalized to RNU48 expression. Data are shown as means Ϯ SE relative to respective normoxia controls at each time point. *Hypoxia different from normoxia controls, P Ͻ 0.05. B: hypoxia induces the increase in arginase II mRNA expression in hPASMC. hPASMC were exposed to normoxia or hypoxia for 48 h (n ϭ 3 for each group). Arginase II mRNA levels were analyzed by quantitative real-time PCR and normalized to 18S expression using the ⌬⌬CT method. Data are shown as means Ϯ SE relative to respective normoxia controls. *Hypoxia different from normoxia controls at same time point, P Ͻ 0.05. C: hypoxia induces an increase in arginase II protein expression in hPASMC. hPASMC were exposed to normoxia or hypoxia for 48 h (n ϭ 3 for each group). Representative Western blots are shown for arginase II and ␤-actin. D: densitometric analysis of arginase II protein expression levels normalized to ␤-actin. Data are shown as means Ϯ SE relative to ␤-actin. *Hypoxia different from normoxia controls at same time point, P Ͻ 0.05. Fig. 2 . The miR-17-5p antagomir decreased arginase II protein levels. A: miR-17-5p antagomir decreased the miR-17-5p mRNA expression in hPASMC exposed to 21% O2 or 1% O2 for 48 h (n ϭ 3 for each group). miR-17-5p levels were analyzed by quantitative real-time PCR and normalized to RNU48 expression using the ⌬⌬CT method. Data are shown as means Ϯ SE relative to respective normoxia controls at each time point. *Different from negative control in normoxia and hypoxia, P Ͻ 0.05. B: arginase II protein levels are decreased by the miR-17-5p antagomir. hPASMC were exposed to 21% O2 or 1% O2 for 48 h. Representative Western blots for arginase II and ␤-actin. C: arginase II protein expression levels normalized to ␤-actin. Data are shown as means Ϯ SE. §Negative control exposed to 21% O2 different from negative control exposed to 1% O2, P Ͻ 0.05. **During hypoxia, hPASMC transfected with the miR-17-5p antagomir different from negative controls, P Ͻ 0.01. ng/ml human recombinant epidermal growth factor, 2 ng/ml human recombinant fibroblast growth factor, 5 g/ml insulin, and 50 g/ml gentamicin. The hPASMC were used in experiments between the fifth and eighth passages, throughout which no changes in cell morphology were noted. The cells were grown to ϳ80 -90% confluence and washed, fresh media was placed on the cells, and they were incubated in 21% O 2-5% CO2-balance N2 (normoxia) or 1% O2-5% CO2-balance N2 (hypoxia) for 48 h. We have previously used 1% O2 as our hypoxic stimulus (4) because it provides consistent and reproducible changes in the hPASMC.
RNA isolation, reverse transcription, and quantitative real-time PCR. RNA was isolated from hPASMCs and reverse transcribed, and quantitative real-time PCR performed as previously described (4, 20) . Relative arginase I and II mRNA amounts were normalized to 18S mRNA expression using the ⌬⌬C T method (16) . Samples were analyzed in triplicate. miR isolation. Total RNA was extracted from cell samples with the mirVana isolation kit (Applied Biosystems, Foster City, CA). The miR concentrations were quantified a by NanoDrop 1000 Spectrophotometer (NanoDrop Technologies, Waltham, MA).
Quantitative RT-PCR. miR qRT-PCR was performed with the TaqMan microRNA assay kit using the manufacturer's protocol. Real-time PCR amplification was done for 40 cycles using the Applied Biosystems 7500 PCR System and miR specific probes. Experiments were done in triplicate. Expression was normalized to the small nucleolar RNA RNU48. Relative expression of miR was normalized to RNU48 expression using the ⌬⌬C T method. We found that the expression of RNU48 was unaffected by hypoxia in hPASMC (expression of RNU48 normalized to normoxia, 1.00 Ϯ 0.01 normoxia and 1.01 Ϯ 0.01 hypoxia).
Protein isolation and Western blot. After treatment, hPASMCs were harvested for total protein as previously described (4, 20) , and increased miR-17-5p expression in hPASMC exposed to normoxia or hypoxia for 48 h. miR-17-5p levels were analyzed by quantitative real-time PCR and normalized to RNU48 expression using the ⌬⌬CT method. Data are shown as means Ϯ SE relative to respective normoxia controls at each time point. **miR-17-5p mimic treated different from negative control in both normoxia and hypoxia, P Ͻ 0.01. B: arginase II protein expression increased with miR-17-5p mimic in both normoxia and hypoxia for 48 h. Representative Western blots for arginase II and ␤-actin. C: densitometric data from Western blots for arginase II normalized to ␤-actin in hPASMC incubated in normoxia or hypoxia for 48 h. Data are shown as means Ϯ SE relative to ␤-actin.
§Negative control exposed to 21% O2 different from negative control exposed to 1% O2, P Ͻ 0.05. **hPASMC transfected with miR-17-5p mimic different from negative controls exposed to either 21% O2 or 1% O2, P Ͻ 0.01. D: overexpression of miR-17-5p resulted in greater number of viable cells. hPASMC were transfected with vehicle or miR-17-5p overnight, washed, and incubated for 120 h in normoxia, and viable cell numbers were counted by trypan blue exclusion. *Different from control, P Ͻ 0.01.
protein concentration was determined by the Bradford method (1). Protein was assayed for arginase II, c-myc, or p53 (1:500) (Santa Cruz Biotechnology) expression by Western blot analysis as previously described (4, 20) . Protein bands were visualized using enhanced chemiluminescence (Amersham Pharmacia Biotech, Piscataway, NJ) and quantified using densitometry (Sigma Gel; Jandel Scientific, San Rafael, CA). Expression of arginase II was normalized to ␤-actin (1:10,000) (Abcam, Cambridge, MA).
Transfection with miR-17-5p antagomir or overexpression of miR-17-5p. To examine the effect of miR-17-5p on arginase II protein expression, hPASMC were transfected with miR-17-5p, antagomirs of miR-17-5p, or their respective negative controls. The miR-17-5p antagomir is single stranded with the following sequence: ACUAC-CUGCACUGUAAGCACUUUG. The miR-17-5p used for overexpression is double stranded with the following sequences: sense ACCUGCACUGUAAGCACUUUGTT and antisense CAAAGUGC-UUACAGUGAGGUAG. hPASMCs were seeded in six-well plates at 70% confluence at the time of transfection. To inhibit miR-17-5p expression, cells were transfected with 80 nM of negative control or miR-17-5p antagomir overnight using Lipofectamine RNAiMAX (Invitrogen) according to the manufacturer's instructions. To overexpress miR-17-5p, cells were transfected with 3 nM of negative control or miR-17-5p overnight using Lipofectamine RNAiMAX. The medium was then replaced with complete medium, and cells were incubated either in normoxia or hypoxia for another 48 h before protein or miRs were harvested.
Silencing arginase II by small-interfering RNA and adding L-arginine or L-ornithine into media.
To determine the effects of arginase II gene silencing on miR-17-5p expression, transient transfection of arginase II-small-interfering RNA (siRNA) was performed with DharmaFECT transfection reagent (Thermo Fisher Scientific, Lafayette, CO) as previously described (20) . Briefly, in 1.5-ml centrifuge tubes, 100 l of 2 M arginase II-siRNA (Thermo Fisher Scientific) or nontargeting scramble siRNA (Thermo Fisher Scientific) were mixed with 100 l of smooth muscle basal medium (Lonza), vortexed, and incubated at room temperature for 5 min. The DharmaFECT transfection reagent was diluted 1:100 (total volume of 200 l) and incubated at room temperature for 5 min. The transfection reagent was then added to each sample of siRNA, mixed, and incubated at room temperature for 20 min. SmGM (600 l) was then added to each tube for a total volume of 1 ml. For the vehicle-treated hPASMC, ddH 2O was used in place of siRNA. hPASMC (Lonza), grown to 70% confluence in six-well plates, were washed with PBS. Fresh media (1 ml) and the siRNA-DharmaFECT reagent mixture (1 ml) were placed in each well of a six-well plate, and the hPASMC were incubated in normoxia for 24 h, then washed with PBS and incubated in complete medium. For investigating the effect of arginase II expression on miR-17-5p expression, different concentrations of L-arginine (3 or 10 mM) or L-ornithine (3 or 10 mM) were added to the media. Next, the hPASMC were incubated in either normoxia or hypoxia for another 48 h, and miRs were harvested for qRT-PCR analysis as described above. Fig. 4 . Knock down of arginase II decreased miR-17-5p expression. A: arginase II-small-interfering RNA (Arg2-siRNA) decreased arginase II protein expression in human PASMC exposed to either 21% O2 or 1% O2 for 48 h. Representative Western blots are shown for arginase II, c-myc, p53, and ␤-actin. B: relative miR-17-5p expression normalized to normoxia. §Scramble control exposed to normoxia different from scramble control exposed to hypoxia, P Ͻ 0.05. **hPASMC transfected with Arg2-siRNA different from scramble controls exposed to either 21% O2 or 1% O2, P Ͻ 0.01.
Arginase II overexpression. Recombinant adenoviral vectors carrying the human arginase II gene (AdArgII) under the control of a CMV promoter were used to overexpress arginase II in hPASMC. For transfection, cells were seeded and incubated at 37°C with 5% CO 2 overnight and then transfected with AdArgII or a negative control adenoviral vector containing green fluorescent protein (GFP) under the control of a CMV promoter (AdGFP) at a multiplicity of infection of 20 overnight. The cells were washed with PBS and then were incubated in complete medium for 48 h before harvesting protein or miRs.
Statistical analysis. Values are given as means Ϯ SE. An unpaired t-test or a one-way ANOVA was used to compare groups. For the one-way ANOVA, differences were identified using Newman-Keuls post hoc testing (Prism; GraphPad Software, San Diego, CA). Differences were considered significant when P Ͻ 0.05.
RESULTS

Hypoxia and miR-17-5p expression.
To determine the effect of hypoxia on miR-17-5p expression, hPASMC were grown to ϳ80 -90% confluence and incubated in either normoxia or hypoxia for 48 h, and the expression of miR-17-5p was assessed by quantitative real-time PCR. There were significantly greater miR-17-5p expression levels in cultured hPASMC exposed to hypoxia for 48 h than in hPASMC exposed to normoxia for 48 h (Fig. 1A) . Consist with previous results from our laboratory (4), both arginase II mRNA and protein expression was also greater in cultured hPASMC exposed to hypoxia for 48 h than in cells exposed to normoxia for 48 h (Fig. 1, B-D) .
Inhibiting miR-17-5p prevented hypoxia-induced arginase II expression. To determine the effect of miR-17-5p on hypoxiainduced arginase II protein expression, hPASMC were grown to ϳ80 -90% confluence, transfected with the miR-17-5p antagomir, and incubated in either 21% O 2 or 1% O 2 for 48 h. As expected, the miR-17-5p antagomir significantly attenuated miR-17-5p expression in both normoxia and hypoxia ( Fig. 2A) . Inhibiting miR-17-5p using the antagomir prevented hypoxiainduced arginase II protein expression in hPASMC exposed to 1% O 2 for 48 h (Fig. 2, B and C) .
Overexpression of miR-17-5p augmented arginase II expression. To determine the effect of overexpressing miR-17-5p on arginase II protein levels, hPASMC were transfected with miR-17-5p overnight. The hPASMC were then incubated in normoxia or hypoxia for 48 h. As expected, transfection of the miR-17-5p substantially increased miR-17-5p expression (Fig. 3A) . Overexpression of miR-17-5p significantly increased arginase II protein levels both in normoxia and hypoxia (Fig. 3 , B and C). To determine the effect of overexpression of miR-17-5p on viable cell numbers, hPASMC were transfected with miR-17-5p overnight and then incubated in normoxia for 120 h, and viable cell number was determined by trypan blue exclusion. Overexpression of miR-17-5p resulted in greater numbers of viable cells than in control hPASMC (Fig. 3D) . Fig. 5 . Arginase II overexpression increased miR-17-5p expression. hPASMC were transfected with recombinant adenoviral vectors carrying either green fluorescent protein (AdGFP) or the human arginase II gene (AdArgII) and then exposed to 21% O2 or 1% O2 for 48 h (n ϭ 3 for each group). A: representative Western blots are shown for arginase II, c-myc, p53, and ␤-actin in hPASMC incubated in normoxia or hypoxia for 48 h. B: relative miR-17-5p expression normalized to normoxic controls. §hPASMC transfected with AdGFP exposed to 21% O2 different from those exposed to 1% O2, P Ͻ 0.05. **hPASMC transfected with AdArgII different from those transfected with AdGFP exposed to 21% O2 or 1% O2, P Ͻ 0.01.
Knock down of arginase II prevents hypoxia-induced expression of miR-17-5p.
To determine the effects of knock down of arginase II on the expression of miR-17-5p, hPASMC were transfected with the siRNA against arginase II (Arg2-siRNA) and then incubated in either normoxia or hypoxia for 48 h. Arginase II protein levels were significantly decreased by transfection with Arg2-siRNA with little effect on c-myc or p53 protein levels (Fig. 4A) . The expression of miR-17-5p was assessed by quantitative real-time PCR. The scramble siRNA had little effect on miR-17-5p expression in either normoxia or hypoxia (Fig. 4B) . However, the Arg2-siRNA significantly decreased miR-17-5p expression levels in hPASMC incubated in either normoxia or hypoxia for 48 h (Fig. 4B) .
Arginase II overexpression increases miR-17-5p expression. To determine the effects of arginase II overexpression on miR-17 expression levels, hPASMCs were transfected with recombinant adenoviral vectors carrying a GFP gene (AdGFP) or the human arginase II gene (AdArgII) and then incubated in either normoxia or hypoxia for 48 h. The AdGFP had little effect on arginase II protein levels, whereas the AdArgII substantially increased arginase II protein levels but not c-myc or p53 protein expression (Fig. 5A) . The AdGFP had little effect on the expression of miR-17-5p, whereas AdArgII significantly increased miR-17-5p levels in hPASMC both in normoxia and hypoxia (Fig. 5B) .
The effect of L-arginine and L-ornithine on miR-17-5p expression. To investigate the role of the substrate for, and the amino acid product of, arginase II on miR-17-5p expression independent of arginase II protein levels, hPASMC were transfected with an siRNA against arginase II (siArgII), and then treated with different concentrations of L-arginine or L-ornithine and incubated in either 21% O 2 or 1% O 2 for 48 h. The expression of miR-17-5p and arginase II was assessed by quantitative real-time PCR. Again Arg2-siRNA decreased expression of both miR-17-5p and arginase II in both normoxia and hypoxia (Fig. 6, A and B) . Addition of L-arginine or L-ornithine to the media during normoxia resulted in an increase in miR-17-5p expression levels (Fig. 6A) . However, neither L-arginine nor L-ornithine affected miR-17-5p expression levels during hypoxia (Fig. 6A) . Addition of either L-ar- Fig. 6 . Arginine or ornithine did not affect hypoxic miR-17-5p or arginase II expression. hPASMC were transfected with arginase II-siRNA (Arg2-siRNA) or scramble siRNA, and different concentrations of L-arginine (3 or 10 mM) or L-ornithine (3 or 10 mM) were added to the media and then exposed to 21% O2 or 1% O2 for 48 h (n ϭ 3 for each group). Transfected with scramble siRNA in 21% O2 (NC) or 1% O2 (HC); transfected with Arg2-siRNA in 21% O2 (NS) or 1% O2 (HS); transfected with Arg2-siRNA and L-arginine (3 or 10 mM) added to medium in 21% O2 (NS-LA3 and NS-LA10, respectively) or 1% O2 (HS-LA3 and HS-LA10, respectively); transfected with Arg2-siRNA and L-ornithine (3 or 10 mM) added to the medium in 21% O2 (NS-LO3 and NS-LO10, respectively) or 1% O2 (HS-LO3 and HS-LO10, respectively). A: relative miR-17-5p levels. B: arginase II mRNA levels. C: the relationship between changes in miR-17-5p levels and arginase II levels. D: L-arginine has little effect on the expression of miR-17ϳ92 family members in normoxia. hPASMC were incubated with 10 mM L-arginine in normoxia for 48 h, and levels of miR-17-5p, miR-17-3p, miR-20a, and miR-92a were determined. ginine or L-ornithine following knock down of arginase II had little effect on arginase II mRNA levels in either normoxia or hypoxia (Fig. 6B) . Interestingly, we found that the expression levels of miR-17-5p and arginase II mRNA were positively correlated in hPASMC (Fig. 6C) . To determine if L-arginine would affect the expression of other miR17ϳ92 family members, we treated hPASMC with vehicle or 10 mM L-arginine and incubated the cells in normoxia for 48 h. We found no significant effect of 10 mM L-arginine on levels of miR-17-5p, miR-17-3p, miR-20a, or miR-92a.
DISCUSSION
The major findings of this study were that 1) miR-17-5p expression was significantly increased in hypoxic hPASMC, which was associated with an increase in arginase II mRNA and protein expression, 2) inhibition of miR-17-5p prevented hypoxia-induced arginase II expression, 3) overexpression of miR-17-5p augmented arginase II expression, 4) knock down of arginase II prevented hypoxia-induced expression of miR-17-5p, 5) arginase II overexpression increased miR-17-5p expression, and 6) arginase II regulated miR-17-5p expression independent of L-arginine or L-ornithine concentrations. These findings support our hypothesis that miR-17-5p is involved in hypoxia-induced arginase II protein expression. Interestingly, these results also demonstrate that arginase II regulates miR-17-5p expression.
A recent study looking at four of the miR17ϳ92 cluster members found that miR-17-5p, miR-19b, miR-92, and miR20a were all increased in a monocrotaline model of PH in rats, whereas only miR-19b and miR-92 were increased in a hypoxia model of PH in rats (3) . In another recent study, inhibition of miR-17 attenuated hypoxia-induced PH in mice as evidenced by reduced right ventricular hypertrophy and decreased pulmonary vascular remodeling (24) . These findings are consistent with our findings in hPASMC that miR-17-5p expression was upregulated by hypoxia. Furthermore, in the present study, we found that miR-17-5p regulated arginase II expression and that inhibition of miR-17-5p prevented hypoxia-induced arginase II expression in hPASMC. Previously, we have demonstrated that arginase II expression was necessary for hypoxia-induced proliferation of hPASMC (4) . Taken together, these results implicate miR-17-5p in the cellular mechanism of hypoxia-induced arginase II protein expression and the resultant proproliferative phenotype in hPASMC.
Of interest, this study also suggests for the first time that arginase II regulates miR-17-5p expression in hPASMC. The knock down of arginase II prevented hypoxia-induced miR-17-5p expression. Our studies demonstrate that arginase II may have a novel role in regulating miR-17-5p. To begin to examine how arginase II may regulate miR-17-5p expression, we considered our previous study that showed that the hypoxiainduced increase in arginase II expression resulted in an increase in arginase activity in hPASMC (4) . An increase in arginase activity might affect levels of L-arginine and/or L-ornithine, the substrate and coproduct of arginase II metabolism, respectively. To determine if alterations in levels of substrate or product may be involved in the arginase II regulation of hypoxia-induced miR-17-5p expression, we knocked down arginase II expression and added L-arginine or L-ornithine to the media of the hPASMC. We found that adding L-arginine or L-ornithine resulted in greater miR-17 levels in normoxia but had little effect on miR-17-5p levels in hypoxia. The addition of either L-arginine or L-ornithine had little effect on arginase II expression levels in either normoxia or hypoxia. Thus, at least in terms of hypoxic regulation of miR-17-5p, neither the substrate nor the product of arginase II had any discernable effect on expression levels. To examine another potential pathway leading to arginase regulation of miR-17-5p expression, we turned to p53 and c-myc, which have been reported to be involved in modulating miR-17-5p expression in some cell types and conditions (21, 28) . However, in our study, overexpressing or knock down of arginase II did not affect the expression of either p53 or c-myc. Thus, the effect of arginase II expression on miR-17-5p does not seem to be related to the enzymatic activity of arginase, or effects on p53 or c-myc. Further studies are needed to determine the exact mechanism by which arginase II expression regulates hypoxia-induced miR-17-5p expression in hypoxia.
In conclusion, we identified arginase II as a new target of miR-17-5p in hPASMC, with miR-17-5p involved in the hypoxic induction of arginase II in hPASMC. Interestingly, we also found evidence supporting a feedback loop between arginase II and miR-17-5p, such that arginase II regulates miR-17-5p expression in hPASMC. The effects of miR-17-5p on arginase II may underlie the role of miR-17-5p in experimental PH. We speculate that miR-17-5p and arginase II are potential therapeutic targets for PH. 
